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© An exhaust gas cleaning catalyst, particularly a catalyst for cleaning exhaust gas containing nitrogen oxides, 
carbon monoxide and hydrocarbons, which has excellent durability and exhibits denitrification performances in a 
lean atmosphere which are not deteriorated even in a high-temperature lean atmosphere. The catalyst has a 
specified X-ray diffraction pattern and comprises at least one metal selected from among platinum group 
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elements and rare earth elements supported on a crystalline silicate having the following chemical formula in 
terms of the molar ratio of the oxide components in an anhydrous form: (1 * 0,8)R2O« [aM203«bM , 0«cAb03h 
•ySi02 wherein R represents an alkali metal ion and/or a hydrogen ion; M represents at least one element ion 
selected from among group VIII elements, rare earth elements, titanium, vanadium, chromium, niobium, 
antimony and gallium; IvV represents an alkaline earth metal ion such as magnesium, calcium, strontium or 
barium ion; and a > 0. 20 > b £ 0, a + c = 1 and 3,000 > y > 1 1 . 
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Technical Field 

This invention relates to a catalyst for purifying an exhaust gas or a waste gas containing nitrogen 
oxides (hereinafter referred to as "NO x "). carbon monoxide (CO) and hydrocarbons (hereinafter referred to 
5 as "HC"). 

Background Technique 

The treatment of exhaust gases of automobiles, etc. is generally carried out by a catalyst of noble metal 
ro type, for example, a catalytic system of a noble metal supported on alumina utilizing CO and HC in the 
exhaust gas, but NO. is purified only in a very narrow range in the vicinity of the stoichiometric air-fuel ratio. 
Of late, a requirement for lowering the fuel cost of a car becomes stronger with the increase of the global 
environmental problems and such a lean burn engine that combustion is effected with at least the 
stoichiometric air-fuel ratio has been watched with keen interest as a key technology. Considering the 
j 5 running property or accelerating property of a car, however, an engine operating in only the lean zone 
meets with many inconvenient points and it is really necessary to effect the combustion in both the vicinity 
of the stoichiometric air-fuel ratio and the lean zone. As to the purification of NO. in the lean zone, a 
crystalline silicate catalyst containing cobalt or copper has lately been spotlighted as a catalyst having a 
high performance. 

20 These catalysts have sufficient catalytic functions at the initial reaction period, but have some problems 
in durability. Thus, various crystalline silicates have been researched and examined so as to improve the 
durability. For example, there have been proposed methods of using new silicates, in which Group VIII 
elements of Periodic Table or rare earth elements are incorporated in the crystalline lattice (Japanes Patent 
Laid-Open Publication No. 165816/1991) and in which alkaline earth metals are added (Japanese Patent 

25 Application No. 319195/1991) in order to prevent release of aluminum as the main constitutional element of 
the crystalline silicate and to stabilize cobalt or copper. Furthermore, in order to prevent entrance of steam 
capable of accelerating release of aluminum, it has been studied to apply a crystalline silicate on the 
surface of which hydrophobic silicalite crystals are grown to improve the steam resistance (Japanese Patent 
Application No. 192829/1991). 

30 However, the use of these catalysts results in that the durability is largely improved in the lean 
atmosphere, but in the case of accelerating, the gas temperature is instantaneously increased, during which 
the gas composition becomes a rich atmosphere in which a reducing agent such as hydrogen is 
excessively present. Under this situation, deterioration of the catalyst cannot be prevented even if the above 
described crystalline silicate of the improved type is applied and accordingly, the improvement of the 

35 durability of the catalyst in the rich atmosphere at a high temperature is a large problem on practical use of 
these catalysts. 

The above described problem cannot be avoided as long as copper or cobalt is used as an active 
metal. Namely, the reason therefor is that base metal elements all sinter and aggregate at a high 
temperature, i.e. at least 700 *C. Accordingly, it is considered that if other metals having denitrification 
40 property in the lean atmosphere than the base metals can be used by the use of the developed crystalline 
silicate, the durability can adequately be ensured to largely advance to practical use. 

Accordingly, the principal object of the present invention is to provide a catalyst for purifying an exhaust 
gas, which has a denitrification property in the lean atmosphere and good durability and is hardly 
deteriorated even in a high temperature rich atmosphere. 

45 

Disclosure of the Invention 

The inventors have made various efforts to overcome the disadvantages of the prior art catalyst and 
attain the above described object and consequently, have found that a crystalline silicate catalyst carrying a 

so platinum group element such as iridium has a denitrification property in the lean atmosphere and is hardly 
deteriorated even in a high temperature atmosphere of a rich condition. Furthermore, it is found, as a result 
of our various studies, that a catlyst containing at least one metal selected from the group consisting of rare 
earth elements in addition to platinum group elements, for example, iridium is effective for improving the 
denitrification property of the above described catalyst under a high oxygen concentration. The present 

55 invention has been accomplished based on these findings. 

Accordingly, the present invention provides a catalyst for purifying an exhaust gas, comprising a 
crystalline silicate having an X-ray diffraction pattern represented by Table A and a chemical composition 
represented by the following general formula in the term of mole ratio under dehydrated state. 
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(1 i 0.8)R 2 O • [aM 2 0 3 • blvVO • cAI 2 0 3 ] • ySiCfe 

in which R is at least one of alkali metal ions and hydrogen ion, M is at least one elementary ion selected 
5 from the group consisting of Group VIII elements of Periodic Table, rare earth elements, titanium, vanadium, 
chromium, niobium, antimony and gallium, M* is an alkaline earth metal ion selected from magnesium, 
calcium, strontium and barium ions, a>0. 20 > b £ 0. a + c = 1 and 3000 > y >11, (I) on which at least 
one member selected from platinum group metals (ruthenium, rhodium, palladium, osmium and platinum) is 
supported or (II) in which at least one metal selected from platinum group metals, in particular, iridium and 
io at least one metal selected from the group consisting of rare earth elements are allowed to be co-existent. 

Best Embodiment for carrying out Present Invention 

Purifying reaction equations for purifying an exhaust gas containing NO x . CO and HC using a 
/5 crystalline silicate supporting a platinum group element, used in the present invention, are ordinarily 
represented as follows: 

k, 

(1) C 3 H. •» ♦ 3/20 - 3CHiO ° 

k 2 

25 (2) CHiO " ♦ 0* - CO, * !l<0 

k, 

30 

(3) CH,0 " ♦ 2N0 - N, ♦ CO, ♦ H,0 
k 4 

™ (4) CO ♦ 1/20, - C0i 

Note: *1) CiHt is shown as a typical example of hydrocarbons (HC). 
♦2) CHiO is shown as a typical example of oxygen-containing 

40 

hydrocarbons. 

The above described reaction equations mean (1) activation of HC. (2) combustion of HC, (3) 

45 denitrification and (4) combustion of CO. 

All crystalline silicate catalysts supporting platinum group elements such as ruthenium, rhodium, 
palladium, osmium, iridium and platinum have an effect of forwarding the denitrification reaction by the 
above described reaction and above ail, an iridium-supported crystalline silicate catalyst has a high 
denitrification property at 250 to 500 *C. When at last one metal selected from the group consisting of 

so titanium, zirconium, chromium, manganese, iron, cobalt, zinc, aluminum, tin, nickel, copper, calcium, 
magnesium, strontium and barium is allowed to be coexistent with iridium, a high denitrification activity can 
similarly be given. It is found that the above described catalyst is a catalyst having durabilty without 
substantial change of the rate constants of kt . k 2 , k 3 and k* . even if it is exposed to a high temperature lean 
or rich atmosphere at a temperature of at least 700 * C. 

55 In the case of the crystalline silicate of the present invention, in which a platinum group element, in 
particular , iridium and at least one metal selected from rare earth elements are supported, the denitrification 
reaction also proceeds by the above described reaction. The denitrification reaction (3) can more be 
accelerated even under a high oxygen concentration by the addition of the rare earth elements. It is further 
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found that this catalyst is a catalyst having durability without substantial change of the rate constants of k, 
k 2 . k 3 and k*. even if it is exposed to a high temperature lean or rich atmosphere at a temperature of at 
least 700 'C. 

The crystalline silicate used in the present invention has an X-ray diffraction pattern represented by 
Table A and a chemical composition represented by the following general formula in the term of mole ratio 
under dehydrated state, 



w 



15 



20 



25 



(1 * 0.8)R 2 O • [aM 2 0 3 • bM'O • cAl 2 0 3 ] • ySi0 2 

in which R is at least one of alkali metal ions and hydrogen ion, M is at least one elementary ion selected 
from the group consisting of Group VIII elements of Periodic Table, rare earth elements, titanium vanadium 
chromium, niobium, antimony and gallium, M* is an alkaline earth metal ion selected from magnesium' 
calcium, strontium and barium ions, a > 0. 20 > b 2 0, a + c = 1 and 3000 > y >1l. 

The above described crystalline silicate can be a laminar composite crystalline silicate composed of a 
matrix silicate of previously synthesized crystalline silicate and a crystalline silicate consisting of Si and O 
and having the same crystalline structure as the matrix crystal, grown on the outer surface of the matrix 
crystal. This laminar composite crystalline silicate has such an effect that only K 2 0 is hard to be penetrated 
into the interior part of the crystalline silicate by the hydrophobic function of the crystalline silicate (called 
sil.calite) consisting of Si and O. grown on the outer surface, and the concentration of H 2 0 around the 
reaction active site of the catalyst is lowered to suppress the metal removal function. Accordingly the 
structure of the crystalline silicate can be maintained even in a high temperature steam atmosphere 
whereby the supporting effect of the platinum group element can be maintained and the catalyst is hardly 
deteriorated. 7 

The platinum group element or the platinum group element and rare earth element can be supported on 
only the crystalline silicate used in the present invention in such a manner that the dispersion thereof is 
maintained uniform under any conditions and phenomena such as sintering, etc. are not found, unlike 
alumina supports or silica supports of the prior art. 



Table A 



30 



55 





Spacing of Lattice Plane (d value) 


Relative Intensity 




11.2 ± 0.3 


VS 




10.0 ± 0.3 


VS 




6.7 ± 0.2 


W 




6.4 ± 0.2 


M 




6.0 ± 0.2 


M 




5.7 ± 0.2 


W 




5.6 ± 0.2 


M 


40 


4.6 ± 0.1 


W 




4.25 ± 0.1 


M 




3.85 ± 0.1 


VS 




3.75 ± 0.1 


S 




3.65 ±0.1 


S 


45 


3.3 ± 0.1 


M 




3.05 ± 0.1 


w 




3.0 ±0.1 


M 


50 


Note: VS = very strong, S = strong. M = medium. W = weak X-ray Source = Cu K 

a 



The catalyst of the present invention can be obtained by immersing the above described crystalline 
silicate in an aqueous solution of a platinum group metal salt and subjecting to an ion exchange method or 
an impregnation method. Supporting of iridium can also be carried out by an ion exchange method or 
impregnation method, and co-supporting with other metals can be carried out by a similar method. 

The platinum group element supported is generally present in a proportion of at least 0.002 weight %. 
preferably at least 0.02 weight % to give a high activity. 
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Furthermore, the catalyst of the present invention can be produced by immersing the above described 
crystalline silicate in an aqueous solution of salts of a platinum group metal, in particular, iridium and a rare 
earth element and subjecting to an ion exchange method or an impregnation method. The iridium supported 
is generally present in a proportion of at least 0.002 weight % to realize a sufficient activity, preferably at 
5 least 0.02 weight % to give a high activity. 

Examples of the rare earth element coexistent are lanthanum (La), cerium (Ce). praseodymium (Pr), 
neodymium (Nd). samarium (Sm). etc. At least 0.002 weight % of at least one of the rare earth elements is 
added to bring out a high activity. 

The present invention will now be illustrated by the following examples without limiting the same. 

;o 

(Example 1) 

Synthesis of Matrix Crystal 1 

75 5616 g of Water Glass No. 1 (Si02: 30 %) was dissolved in 5429 g of water to prepare Solution A. while 
718.9 g of aluminum sulfate. 110 g of ferric chloride. 47.2 g of calcium acetate, 262 g of sodium chloride 
and 2020 g of concentrated hydrochloric acid were dissolved in 4175 g of water to prepare Solution B. 
Solution A and Solution B were fed with a constant ratio to form a precipitate and adequately stirred to 
obtain a slurry with a pH of 8.0. This slurry was charged in an autoclave of 20 liters, to which 500 g of 

20 tetropropylammonium bromide was added. The resulting mixture was subjected to hydrothermal synthesis 
at 160 *C for 72 hours, then rinsed with water, dried and calcined at 500 *C for 3 hours to thus obtain 
Crystalline Silicate 1. This Crystalline Silicate 1 was represented by the following composition in the term of 
mole ratios of oxides (exclusive of crystallization water), whose crystalline structure was represented by X- 
ray diffraction pattern as shown in Table A: 

25 

O.SNaaO • 0.5H 2 O • [0.8AI 2 O 3 • 0.2Fe2O 3 • 0.25CaO] • 25Si02 
Synthesis of Laminar Composite Crystalline Silicate 1 

30 1000 g of the above described Matrix Crystal 1 (Crystalline Silicate 1), finely pulverized, was added to 
2160 g of water, to which 4590 g of colloidal silica (Si02: 20 %) was further added, and the mixture was 
adequately stirred to obtain Solution a. On the other hand, 105.8 g of sodium hydroxide was dissolved in 
2008 g of water to obtain Solution b. Solution b was gradually dropwise added to Solution a with agitation to 
form a precipitate, thus obtaining a slurry. This slurry was charged in an autoclave, to which a solution of 

35 568 g of tetrapropylammonium bromide dissolved in 2106 g of water was then added. The mixture was 
subjected to hydrothermal synthesis in this autoclave at 160 *C for 72 hours while stirring at 200 rpm, then 
rinsed, dried and calcined at 500 • C for 3 hours to obtain Laminar Composite Crystalline Silicate 1 . 

The above described Laminar Composite Crystalline Silicate 1 was stirred in a 4N aqueous solution of 
NHUCI at 40 *C for 3 hours to effect NKU ion exchange. After the ion exchange, the silicate was washed. 

40 dried at 100 'C for 24 hours and calcined at 400 # C for 3 hours to obtain Laminar Composite Crystalline 
Silicate 1 of H-type. 

Preparation of Catalyst 

45 To 100 parts of Laminar Composite Crystalline Silicate 1 of H-type were then added, as a binder, 3 
parts of alumina sol, 55 parts of silica sol (SiCfe: 20 %) and 200 parts of water, and the mixture was 
adequately stirred to prepare a slurry for wash-coating. A monolithic substrate for coordielite (lattice of 400 
cells per square inch) was immersed in the above described slurry, withdrawn therefrom, subjected to 
wiping-off of the excessive slurry and then dried at 200 • C . The coating amount was adjusted to 200 g per 

so 1 liter of the substrate and the resulting coated article is called Honeycomb Coated Article 1 . 

The above described Honeycomb Coated Article 1 was then immersed in iridium choride (IrCU • H 2 0 
2.88 g/H 2 0 200 cc). impregnated therewith for 1 hour, subjected to wiping-off of the liquid adhered to the 
wall of the substrate, dried at 200 *C and then subjected to a purging treatment in a nitrogen atmosphere 
for 12 hours to obtain Honeycomb Catalyst 1. 

55 
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(Example 2) 

The synthesis of Matrix Crystal 1 in Example 1 was repeated except using cobalt chloride, ruthenium 
chloride, rhodium chloride, lanthanum chloride, cerium chloride, titanium chloride, vanadium chloride. 
5 chromium chloride, antimony chloride, gallium chloride and niobium chloride in the same amount as Fe?03 
in the term of mole ratio of oxide, instead of the ferric chloride, thus obtaining Matrix Crystals 2 to 12. The 
crystalline structure of these matrix crystals is represented by the X-ray diffraction as shown in Table A, 
which have each a chemical composition represented by the following general formula in the term of mole 
ratios of oxides under dehydrated state, 

w 

(1 ± 0.8)R 2 O • [0.2M 2 O 3 • O.8AI2O3 • 0. 25CaO] • 25Si02 

in which R is Na or H and M is Co, Ru, Rh. La. Ce. Ti, V, Cr, Sb. Ga or Nb. The constructions of these 
matrix crystals are shown in Table B. 

75 The Matrix Crystals 2 to 12 were finely pulverized and subjected to hydrothermal synthesis using an 
autoclave in the similar manner to the synthesis of Laminar Composite Crystalline Silicate 1 in Example 1 
except using Matrix Crystals 2 to 12 instead of Matrix Crystal 1, thus obtaining Laminar Composite 
Crystalline Silicates 2 to 12. 

The synthesis of Matrix Crystal 1 in Example 1 was repeated except using magnesium acetate, 

20 strontium acetate and barium acetate in the same amount as CaO in the term of mole ratio of oxide, instead 
of the calcium acetate, thus obtaining Matrix Crystals 13 to 15. The crystalline structure of these matrix 
crystals is represented by the X-ray diffraction as shown in Table A, which have each a chemical 
composition represented by the following general formula in the term of mole ratios of oxides under 
dehydrated state, 

25 

O.SNazO • 0.5H 2 O(0.2Fe2O 3 • 0.8AI 2 O 3 • 0.2MeO) • 25SJ02 

in which Me is Mg, Sr or Ba. 

The Matrix Crystals 13 to 15 were finely pulverized and subjected to hydrothermal synthesis using an 
30 autoclave in the similar manner to the synthesis of Laminar Composite Crystalline Silicate 1 in Example 1 , 

thus obtaining Laminar Composite Crystalline Silicates 13 to 15. 

Using the above described Laminar Composite Crystalline Silicates 2 to 15. H-type Laminar Composite 

Crystalline Silicates 2 to 15 were obtained in an analogous manner to Example 1 and coated on a 

monolithic substrate for coordielite in a similar step to that for the preparation of the catalyst of Example 1 , 
35 thus obtaining Honeycomb Coated Articles 2 to 15. The resulting Honeycomb Coated Articles were then 

immersed in the aqueous solution of iridium chloride and treated in the similar manner to Example 1 , thus 

obtaining Honeycomb Catalysts 2 to 15. 

(Example 3) 

40 

Using Matrix Crystals 1 to 15 obtained in Examples 1 and 2, H-type Crystalline Silicates 16 to 30 were 
obtained in an analogous manner to Example 1 and further treated in the similar step to that for the 
preparation of the catalyst of Example 1 to obtain Honeycomb 'Coated Articles and Honeycomb Catalysts 16 
to 30. 

45 

(Example 4) 

Matrix Crystals 1 to 15 obtained in Examples 1 and 2 (no formation of laminar composite crystal, nor 
ion exchange) were coated on a monolithic substrate for coordielite, thus obtaining Honeycomb Coated 
50 Articles 31 to 45. which were then immersed in the aqueous solution of iridium chloride in the similar 
manner to Example 1. thus obtaining Honeycomb Catalysts 31 to 45. 

(Example 5) 

55 Honeycomb Coated Article 1 coated with Laminar Composite Crystalline Silicate 1 obtained in Example 
1 was immersed in each of aqueous solutions of ruthenium chloride (RuCl 3 2 g/H 2 0 200 cc). rhodium 
chloride (RhCb 2 g/H 2 0 200 cc). palladium nitrate (Pd(N0 3 ) 2 g/H 2 0 200 cc). osmium nitrate (Os(N0 3 ) 2 g/ 
H 2 0 200 cc) and chloroplatinic acid (H 2 PtCl* 2g/H 2 0 200 cc) and then subjected to formation of the 



7 



EP 0 642 827 A1 



catalysts in an analogous manner to Example 1 . thus obtaining Honeycomb Catalysts 46 to 50. 
(Example 6) 

s Honeycomb Coated Article 1 coated with Laminar Composite Crystalline Silicate 1 obtained In Example 
1 was immersed in each of aqueous solutions of iridium chloride and aluminum chloride (IrCU • H2O 2.88 
g, AI2O3 • 6H2O 6.0 g/ H 2 0 200 cc), iridium chloride and titanium chloride (IrCU • H 2 0 2.88 g, TiCU 7.5 
g/H 2 0 200 cc). iridium chloride and tin chloride (IrCU • H 2 0 2.88 g, SnCU 7 g/H 2 0 200 cc). iridium chloride 
and chromium nitrate (IrCU • H 2 0 2.88 g. CrfNChfc 6.0 g/H 2 0 200 cc). iridium chloride and zirconium 

10 tetrachloride (IrCU • H 2 0 2.88 g, ZrCU 6 g/H 2 0 200 cc). iridium chloride and cobalt chloride (IrCU • H 2 0 
2.88 g, CoCI 2 • 6H 2 0 7 g/H 2 0 200 cc). iridium chloride and manganese chloride (IrCU • H 2 0 2.88 g. 
MnCI 2 20 g/H 2 0 200 cc), iridium chloride and iron chloride (IrCU • H 2 0 2.88 g. FeCI 3 • 6H 2 0 7 g/H 2 0 200 
cc), iridium chloride and nickel chloride (IrCU • H 2 0 2.88 g, NiCJ 2 • 6H 2 0 8 g/H 2 0 200 cc), iridium chloride 
and calcium chloride (IrCU • H 2 0 2.88 g. CaCI 2 • 2H 2 0 6 g/H 2 0 200 cc). iridium chloride and magnesium 

/5 chloride (IrCU • H 2 0 2.88 g, MgCI 2 • 6H 2 0 11 g/ H 2 0 200 cc), iridium chloride and barium chloride (IrCU 
• H 2 0 2.88 g, BaCI 2 • 2H 2 0 14 g/H 2 0 200 cc), iridium chloride and strontium chloride (IrCU • H 2 0 2.88 g, 
SrCfe • 6H 2 0 13 g/H 2 0 200 cc), iridium chloride and cupric chloride (IrCU • H 2 0 2.88 g, CuCI 2 • 2H 2 0 10 
g/H 2 0 200 cc) and iridium chloride and zinc chloride (IrCU • H 2 0 2.88 g. ZnCI 2 6 g/H 2 0 200 cc), and then 
subjected to formation of the catalysts in an analogous manner to Example 1 , thus obtaining Honeycomb 

20 Catalysts 51 to 65. 

(Comparative Example 1 ) 

o -Al 2 03 was honeycomb-coated in an analogous manner to Example 1 and iridium, ruthenium, 
25 rhodium, palladium, osmium or platinum was supported on the a -Al 2 03 in the similar manner to Examples 
1 and 4 to prepare Honeycomb Catalysts 66 to 71 . 

The constructions of the catalysts of Examples of the present invention and Comparative Examples are 
shown in Table B: 

30 



35 



40 



so 



55 
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Table B 

Honeycomb Supported •" Crystalline Silicate 



5 


Catalyst 


Amount or 














No. 


Activator 
(wt %) 


No. 




Composition ' 






10 


1 


Ir (0.6) 


1 


S.L/0.5NaiO- 


0.5H 2 0(0.2Fe 2 0, 


• 0.8AUO, 


• 0.25CaO) 




2 


Ir (0.6) 


2 


S.l/0.5Na 2 0- 


0.5H 2 0(0.2COiOs 


• 0.8Ai 2 0, 


• 0.25Ca0) 




3 


Ir (0.6) 


3 


S.L/0.4Na 2 O- 


0.5H 2 O(0.2Ru 2 0> 


• 0.8Al 2 O 3 


• 0.25CaO) 


15 


4 


Ir (0.6) 


4 


S.L/0.5Na 2 0 • 


0.4H 2 0(0.2Rh 2 0* 


■ O.8AUO3 


• 0.25CaO) 




5 


Ir (0.6) 


5 


S.L/0.5Na 2 O- 


0.5HiO(0.2LaiO, 


• O.8AI1O3 


• 0.25CaO) 


20 


6 


Ir (0.6) 


6 


S.L/0.6Na 2 0- 


0.4H 2 O(0.2Ce 2 Os 


• 0.8Al 2 0 3 


• 0.25Ca0) 


7 


Ir (0.6) 


7 


S.L/0.5Na 2 0- 


0.6H 2 O(0.2Ti 2 0i 


- O.8AUO3 


• 0. 25Ca0) 




8 


Ir (0.6) 


8 


S.L/0.4Na 2 0 • 


0.6H 2 0(0.2V 2 0 3 • 


O.8AUO3 • 


0.25CaO) 


25 


9 


Ir (0.6) 


9 


S.L/0.5Na 2 0« 


0.6H 2 0(0.2Cr 2 Oi 


• 0.8AUOj 


• 0.25Ca0) 


10 


Ir (0.6) 


10 


S.L/0.6Na 2 0- 


0.4H 2 0(0.2Sb 2 Oi 


• Q.8AUO3 


• 0.25CaO) 




1 1 


Ir (0.6) 


11 


S.L/0.6Na 2 0- 


0.5H 2 O(0.2Ga 2 O3 


• 0.8A1 2 0 3 


• 0.25Ca0) 


30 


12 


Ir (0.6) 


12 


S.L/0.5Na,0- 


0.5HiO(0.2NbiO. 


• O.8AUO3 


• 0.25CaO) 




13 


Ir (0.6) 


13 


S.L/0.5Na 2 0- 


0.5H 2 0(0.2Fe 2 0. 


• O.8AWO3 


• 0.25Mg0) 




14 


Ir (0.6) 


14 


S.L/0.5Na 2 0- 


0.5H 2 O(0.2Fe 2 O 4 


• 0.8Al 2 Oa 


• 0.25Sr0) 


35 


15 


Ir (0.6) 


15. 


S.L/0.5Na 2 0- 


0.5H 2 O(Q.2Fe 2 O, 


• 0.8Al 2 O 3 


• 0.25BaO) 




16 


Ir (0.6) 


16 


0.5Na 2 0- 


0.5H 2 0(0.2Fe 2 O s 


• O.8AUO3 


• 0.25CaO) 




17 


Ir (0.6) 


17 


0.5Naa0< 


0.5H 2 0(0.2Co 2 0i 


• O.8AWO3 


• 0.25CaO) 


40 


1 Q 

lo 


IT [ U. b J 


i ft 
lo 






U • OA I 1 Vs3 






19 


Ir (0.6) 


19 


0.5Na 2 0 


0.4H 2 O(0.2Rh 2 O> 


* O.8AUO3 


• 0.25CaO) 




20 


Ir (0.6) 


20 


0.5Na 2 0 


0.5H 2 O(0.2La 2 Oi 


* O.8AI1O3 


• 0.25CaO) 


45 


21 


Ir (0.6) 


21 


0.6Na 2 0 


• 0.4H 2 O(0.2Ce 2 Oi 


• 0.8A1 2 03 


• 0.25CaO) 




22 


Ir (0.6) 


22 


0.5Na,0 


• 0.6H 2 0(0.2Ti 2 0i 


• 0.8AUO3 


• 0.25CaO) 




23 


Ir (0.6) 


23 


0.4Na 2 0 


• 0.6H 2 0(0.2V 2 0 3 • 


0.8AI 2 Oj 


0.25CaO) 


50 


24 


Ir (0.6) 


24 


0.5Na 2 0 


• 0.6H 2 O(0.2Cr 2 O, 


• O.8AUO3 


• 0.25CaO) 
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Table B (continued! 

Honeycomb Supported *" Crystalline Silicate 

Catalyst Amount of 

No. Activator No. Composition mtl 

mi *> ; 

25 Ir (0.6) 25 0. 6Na 2 0 • 0. 4HiO(0. 2Sb 2 0« • 0. 8A1,0 3 • 0. 25CaO) 

26 Ir (0.6) 26 0. 6Na 2 0 • 0. 5H 2 0(0. 2Gai0s • 0. 8AW0, • 0. 25CaO) 

27 Ir (0.6) 27 0. 5Na 2 0 • 0. 5H 2 O(0. 2Nba0, • 0. 8Al 2 0 3 • 0. 25CaO) 

28 Ir (0.6) 28 O.SNaiO- 0. 5H 2 O(0. 2Fe*0 s • O.8AUO3 • 0.25MgO) 

29 Ir (0.6) 29 0. 5Na 2 0 • 0. 5H 2 0(0. 2Fe 2 0, • 0. 8AI1O1 • 0. 25SrO) 

30 Ir (0.6) 30 0.6Na 2 0- 0. 4H,0(0. 2Fe 2 0 3 • O.8AI1O3 • 0.25BaO) 

31 Ir (0.6) (1) " 0.5Na 2 0- 0.5H 2 0(0.2Fe 2 0 3 • 0.8A1 2 0* • 0.25CaO) 

32 Ir (0.6) (2) 0. 5Na 2 0 • 0. 5H*0(0. 2Co 2 0 a • 0. 8A1 2 0j • 0. 25CaO) 

33 Ir (0.6) (3) 0. 4Na 2 0 • 0. 5H 2 O(0. 2Ru 2 0» • 0. 8A1 2 0 3 • 0. 25CaO) 

34 Ir (0.6) (4) 0.5Na 2 O- 0. 4H 2 0(0. 2Rh 2 0 3 • 0.8Al 2 O 3 • 0.25CaO) 

35 Ir (0.6) (5) 0. 5Na 2 0 • 0. 5H 2 0(0. 2La 2 0i • 0. 8A1 2 0 3 • 0. 25CaO) 

36 Ir (0.6) (6) 0. 6Na 2 0 • 0. 4H 2 O(0. 2Ce 2 0> ■ 0. 8Al 2 0 3 - 0. 25CaO) 

37 Ir (0.6) (7) 0. 5Na 2 0 • 0. 6H 2 0(0. 2Ti 2 0, • 0. 8A1 2 0 3 • 0. 25CaO) 

38 Ir (0.6) (8) 0. 4Na 2 0 • 0. 6H 2 0(0. 2V,0 3 • 0. 8AWO1 • 0. 25CaO) 

39 Ir (0.6) (9) 0.5Na 2 O- 0. 6H 2 O(0. 2Cr 2 0, • O.8AUO1 • 0.25CaO) 

40 Ir (0.6) (10) 0.6Na 2 0- 0. 4H 2 O(0. 2Sb 2 0i • O.8AUO1 • 0.25CaO) 

41 Ir (0.6) (11) 0.6Na 2 0- 0.5H 2 O(0.2Ca 2 O, • 0.8A1 2 0 3 • 0.25CaO) 

42 Ir (0.6) (12) 0. 5Na 2 0 • 0. 5H 2 O(0. 2Nb 2 0, • 0. 8A1 2 0 3 • 0. 25CoO) 

43 Ir (0.6) (13) 0.5Na 2 0- 0. 5H t (M0. 2Fe 2 0, - 0.8Ai 2 O 5 • Q.25MgO) 

44 Ir (0.6) (14) 0.5Na 2 0- 0. 5H*0(0. 2Fe 2 0. • O.8AUO1 • 0.25SrO) 

45 Ir (0.6) (15) 0. 5Na 2 0 • 0. 5H 2 0(0. 2Fe 2 0, • 0. 8A1 2 0 3 - 0. 25CaO) 

46 Ru (0.6) 1 S.L/0.5Na 2 O- 0. 5H 2 0(0. 2Fe 2 0, • 0.8Al 2 O 3 • 0.25CaO) 

47 Rh (0.6) 1 -do- 

48 Pd (0.6) 1 -do- 
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Honeycomb Supported 

5 

Catalyst Amount of 





NO- 


A Af 1 IfA f AM VI f\ 

Activator no 
(wt X) 


10 


49 


Os (0.6) 1 




50 


Pt (0.6) 1 


15 


51 


Ir (0.6) 1 
Al (2) 




52 


Ir (0.6) 1 


20 




Ti (2) 




53 


Ir (0.6) 1 
Sn (2) 


25 


54 


Ir (0.6) 1 
Cr (2) 




55 


Ir (0.6) 1 


30 




Zr (2) 




56 


Ir (0.6) 1 
Co (2) 


35 


57 


Ir (0.6) 1 
Mn (2) 




58 


Ir (0.6) 1 


40 




Fe (2) 




59 


Ir (0.6) I 
Ni (2) 


45 


60 


Ir (0.6) 1 
Ca (2) 


50 


61 


Ir (0.6) 1 
Mg (2) 
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Table B (continued) 

Crystal l ine Si I icate 

Compos i t i on ' 1 ' 

S.L/0.5Nat0- 0. 5HiO(0. 2Fe»0, • 0.8Al t 0» • 0.25CaO) 
-do- 
-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 

-do- 
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Honeycomb Supported * M 
Catalyst Amount of 



No. 



Activator No. 
(»t X) 



62 



63 



64 



65 



Ir (0.6) 
Ba (2) 
Ir (0.6) 
Sr (2) 
Ir (0.6) 
Cu (2) 
Ir (0.6) 
Zn (2) 



Comparison 
66 
67 
68 
69 
70 
71 



Ir (0.6) 
Ru (0.6) 
Rh (0.6) 
Pd (0.6) 
Os (0.6) 
Pt (0.6) 



Table B (continued 

Crystal 1 ine Si licate 

Composition * n 



1 S.L/0.5Nai0- 0. 5Hi0(0. 2Fe«0i « Q.8AI,0> • 0.25Ca0) 



-do- 



-do- 



-do- 



a -AliOi 

-do- 
-do- 
-do- 
-do- 
-do- 



Note: M) Amount of metal per amount of crystalline silicate 

•2) S.L means silicalite. M 25 Sid" present in the end of the 

composition formula is in common with all the formulae and is 

thus omitted. 
•* Numeral in ( ) means "Matrix Crystal No." 



(Experimental Example 1) 

A test for estimating the activity of Honeycomb Catalysts 1 to 71, prepared in Examples 1, 2, 3, 4, 5 
and 6 and Comparative Example 1 , was carried out under the following estimation conditions: 

Gas Composition 

NO: 400 ppm; CO: 1000 ppm; C2H4: 1000 ppm; C3H6: 340 ppm: 
O2: 8 %; CO2: 10 %; H 2 0: 10 %; N 2 : balance 
GHSV: 30000 h - 1 ; 
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Shape of Catalyst 

15 mm x 15 mm x 60 mm (144 cells) 

The denitrification efficiency of the catalysts at the initial state of reaction temperatures of 350 'C and 
5 450 • C is shown in Table C. 

(Experimental Example 2) 

Honeycomb Catalysts 1 to 71 were subjected to an accelerated deterioration test in the rich atmosphere 
10 (reducing atmosphere) under the following accelerated deterioration conditions: 

Gas Composition 

H 2 : 3 %; H 2 0: 10 %; N 2 : balance 
;s GHSV: 5000 h ; Temperature: 700 ' C ; Gas Feeding Time: 6 hours 

Shape of Catalyst 

15 mm x 15 mm x 60 mm (144 cells) 

20 The Catalysts 1 to 71 treated under the above described accelerated deterioration conditions were then 
subjected to the test for estimating the activity under the activity estimation conditions of Example 1. The 
denitrification efficiency of the catalysts after the accelerated deterioration test at reaction temperatures of 
350 ' C and 450 • C is also shown in Table C. Thus, it is confirmed as shown in Table C that the catalysts 1 
to 65 of the present invention are capable of maintaining higher the catalytic activity even in high 

25 temperature reducing atmospheres. 



30 



35 



40 



45 



50 



55 
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Table C 

Honeycomb Supported NO . Conversion 

Catalyst Amount of Efficiency (X) 





Activator 


(Initial 


State) 




(wt X) 


350 r 


450 r 


1 


Ir (0.6) 


41 


36 


2 


Ir (0.6) 


43 


38 


3 


Ir (0.6) 


44 


39 


4 


Ir (0.6) 


44 


36 


5 


Ir (0.6) 


42 


41 


6 


Ir (0.6) 


42 


38 


7 


Ir (0.6) 


43 


36 


8 


Ir (0.6) 


41 


38 


9 


Ir (0.6) 


42 


36 


10 


Ir (0.6) 


42 


38 


11 


Ir (0.6) 


42 


37 


12 


Ir (0.6) 


40 


39 


13 


Ir (0.6) 


41 


40 


14 


Ir (0.6) 


44 


40 


15 


Ir (0.6) 


43 


39 


16 


Ir (0.6) 


41 


37 


17 


Ir (0.6) 


40 


38 


18 


Ir (0.6) 


40 


37 


19 


Ir (0.6) 


41 


40 


20 


Ir (0.6) 


42 


38 


21 


Ir (0.6) 


43 


36 


22 


Ir (0.6) 


41 


38 


23 


Ir (0.6) 


39 


36 


24 


Ir (0.6) 


38 


37 



NO . Conversion 
Efficiency (X) 
(After Accelerated 



Deterioration) 



350 r 


450 r 


36 


34 


38 


34 


39 


33 


37 


35 


38 


33 


38 


34 


40 


35 


34 


33 


39 


37 


38 


33 


36 


33 


35 


32 


33 


33 


34 


34 


41 


36 


40 


32 


38 


36 


40 


37 


38 


38 


40 


35 


38 


34 


36 


36 


35 


38 


36 


36 
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Honeycomb Supported 
Catalyst Amount of 
No. Activator 
(wt %) 



25 


Ir 


(0.6) 


26 


Ir 


(0.6) 


27 


Ir 


(0.6) 


28 


Ir 


(0.6) 


29 


Ir 


(0.6) 


30 


Ir 


(0.6) 


31 


Ir 


(0.6) 


32 


Ir 


(0.6) 


33 


Ir 


(0.6) 


34 


Ir 


(0.6) 


35 


Ir 


(0.6) 


36 


Ir 


(0.6) 


37 


Ir 


(0.6) 


38 


Ir 


(0.6) 


39 


Ir 


(0.6) 


40 


Ir 


(0.6) 


41 


Ir 


(0.6) 


42 


Ir 


(0.6) 


43 


Ir 


(0.6) 


44 


Ir 


(0.6) 


45 


Ir 


(0.6) 


46 


Ru 


(0.6) 


47 


Rh 


(0.6) 


48 


Pd 


(0.6) 



Table C (continued) 
NO . Conversion 
Efficiency (X) 
(Initial State) 



350 r 


450 r 


36 


34 


36 


35 


35 


37 


35 


34 


35 


36 


38 


36 


40 


38 


41 


39 


42 


40 


41 


38 


39 


37 


40 


41 


38 


37 


39 


38 


39 


37 


39 


38 


40 


38 


41 


39 


42 


40. 


40 


38 


39 


38 


25 


30 


28 


26 


26 


20 



NO . Conversion 



Efficiency (X) 
(After Accelerated 
Deterioration) 



350 *C 


450 'C 


36 


32 


31 


32 


31 


31 


36 


31 


36 


31 


35 


33 


39 


37 


40 


38 


40 


39 


40 


37 


39 


37 


40 


40 


36 


37 


38 


38 


38 


37 


40 


38 


39 


38 


40 


38 


38 


38 


38 


38 


38 


38 


30 


30 


26 


32 


27 


20 
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Honeycomb Supported 
Catalyst Amount of 
No. Activator 
<wt X) 



Comparison 
66 
67 
68 
69 
70 
71 



Table C (continued) 
NO . Conversion 
Efficiency (X) 
(Initial State) 



Ir (0.6) 
Ru (0.6) 
Rh (0.6) 
Pd (0.6) 
Os (0.6) 
I't (0.6) 



33 
25 
23 
21 
18 
36 



26 
20 
18 
18 
16 
18 



NO . Conversion 
Efficiency (X) 
(After Accelerated 
Deterioration) 



16 
5 
7 
6 
6 
8 











350 r 


450 "C 


350 r 


450 r 


49 


Os (0.6) 




24 


20 


28 


20 


50 


Pt (0.6) 




35 


21 


30 


33 


51 


Ir (0.6). 


Ai 


(2) 


41 


33 


38 


33 


52 


Ir (0.6). 


Ti 


(2) 


38 


34 


34 


34 


53 


Ir (0.6), 


Sn 


(2) 


39 


33 


36 


32 


54 


Ir (0.6). 


Cr 


(2) 


38 


36 


36 


34 


55 


Ir (0.6), 


Zr 


(2) 


36 


35 


35 


31 


56 


Ir (0.6). 


Co 


(2) 


35 


34 


34 


30 


57 


Ir (0.6), 


Mn 


(2) 


36 


33 


34 


32 


58 


Ir (0.6). 


Fe 


(2) 


37 


34 


35 


33 


59 


Ir (0.6). 


Ni 


(2) 


37 


35 


36 


34 


60 


Ir (0.6), 


Ca 


(2) 


36 


35 


35 


33 


61 


Ir (0.6), 


Mg (2) 


35 


34 


36 


32 


62 


Ir (0.6). 


Ba 


(2) 


34 


35 


37 


30 


63 


Ir (0.6), 


Sr 


(2) 


39 


37 


33 


32 


64 


Ir (0.6), 


Cu 


(2) 


41 


37 


35 


32 


65 


Ir (0.6). 


Zn (2) 


41 


38 


28 


34 



12 

3 
2 
4 

3 
0 



(Example 7) 

Honeycomb Coated Article 1 obtained in Example 1 was immersed in an aqueous solution of iridium 
chloride and cerium chloride (IrCU • H 2 0 2.88 g + CeCb 10 g/200 cc H 2 0), impregnated therewith for 1 
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hour, subjected to wiping-off of the liquid adhered to the substrate and dried at 200 *C . followed by a ■ 
purging treatment in a nitrogen atmosphere for 12 hours, thus obtaining Honeycomb Catalyst 72. 

(Example 8) 

s 

Honeycomb Coated Articles 2 to 15 obtained in Examples 2 were immersed in an aqueous solution of 
iridium chloride and cerium chloride and treated in an analogous manner to Example 7 to obtain 
Honeycomb Catalysts 73 to 86. 

70 (Example 9) 

Using Matrix Crystals 1 to 15 obtained in Examples 1 and 2, H-type Crystalline Silicates 16 to 30 were 
obtained in an analogous manner to Example 1 and further treated in the similar step to that for the 
preparation of the catalyst of Example 7 to obtain Honeycomb Coated Articles 16 to 30 and Honeycomb 
75 Catalysts 87 to 101. 

(Example 10) 

Matrix Crystals 1 to 15 obtained in Examples 1 and 2 (no formation of laminar composite crystal, nor 
20 ion exchange) were coated on a monolithic substrate for coordielite, thus obtaining Honeycomb Coated 
Articles 31 to 45, which were then immersed in the aqueous solution of iridium chloride and cerium chloride 
in the similar manner to Example 7, thus obtaining Honeycomb Catalysts 102 to 1 16. 

(Example 11) 

25 

Honeycomb Coated Article 1 coated with Laminar Composite Crystalline Silicate 1 obtained in Example 
1 was immersed in each of aqueous solutions of lanthanum chloride (LaCh • 7H 2 0 10 g/H 2 0 200 cc), 
praseodymium chloride (PrCI 3 • 7H 2 0 10 g/H 2 0 200 cc). neodymium chloride (NdCb • 6H 2 0 10 g/H 2 0 
200 cc), samarium chloride (SmCb • 6H 2 0 10 g/H 2 0 200 cc) and europium chloride (EuCblO g/H 2 0 200 
30 cc) and then subjected to formation of the catalysts in an analogous manner to Example 7, thus obtaining 
Honeycomb Catalysts 117 to 121. 

(Comparative Example 2) 

35 Only iridium was supported on a -Al 2 0 3 in Example 7 to obtain Catalyst 122 and iridium and cerium 
were supported on o -Al 2 03 in an analogous manner to Example 7 to prepare Honeycomb Catalyst 123. 

The constructions of the catalysts of Examples of the present invention and Comparative Examples are 
shown in Table D: . 

40 



45 



50 



55 
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Table D 

Honey- Supported Crystal 1 ine Si Mcate 

comb Cat- Amount of 



alyst 
No : 




Activator 
(wt %) 


wo. 




Composition " ,l 




72 


Ir 


(0.6), Ce(4) 


1 


o - L/ U • Onat v 


0.5HiO(0.2FeiOi • 


O.8AUO1 


0. 25Co0) 


73 


Ir (0.6). Ce(4) 


o 
L 


c 1 /ft *\Wa. n • 

O. Li/ U » JHO 1 V 


O.SHiOtO^COtOi • 


0.8AliO) 


• 0.25CaO) 


74 


I r 
1 1 


(O 6) Ce(4) 


O 


c 1 /n JNa, n • 
o • Li/ v . i noj y 


0.5Hi0(0.2Ru«Oi • 


O.8AI1O1 


• 0.25CaO) 


75 


I r 


(0 6). Ce(4) 


A 

4 


O. L/U • Oi*a i U 


O.4H,O(0.2RhiOi • 


0.8A1i0j 


• 0.25Ca0) 


76 


I r 


/ft C\ Po i A\ 

(U. t> j . cei 4 j 




C 1 /ft CUa. f\ . 

o. L/U. Dnai u 


0.5Hi0(0.2La,0. 


O.8AI1O1 


• 0 25Ca0) 


77 


Ir 


(0.6), Ce(4) 


6 


c t /ft cmd fi • 
o. L/U. ON81U • 


0.4Hi0(0. 2Cei0i 


■ 0.8A1,0> 


• 0 25CaO) 


78 


Ir 


(0.6). Ce(4) 


7 


c i /ft cuo n • 
o. L/U. DnaiU * 


0.6H,0(0.2Ti,0. 


• O.8AUO1 




79 


Ir 


(0.6). Ce(4) 


8 


C 1 /ft J Ma fi • 

o. L/U. 4WaiU • 


0.6H,0(0.2V,0, • 


O.8AUO3 • 


ft 25CaCM 


80 


Ir 


(0.6). Ce(4) 


9 


S.L/0.5NaiO« 


0.6H,O(0.2Cr»O> 


• O.8AI1O1 


• U.25C8U) 


81 


Ir 


(0.6). Ce(4) 


10 


S.L/0.6Na,0- 


0.4HtO(0.2SbiOi 


• O.8AUO3 


• 0.25C80) 


82 


Ir 


(0.6), Ce(4) 


11 


S.L/0.6NaiO« 


0.5H t 0(0.2Ga t 0, 


• O.8AUO1 


• 0.25Ca0) 


83 


Ir 


(0.6), Ce(4) 


12 


S.L/0.5Na,0« 


0.5H,0(0.2Nb,0. 


• 0.8A1 S 0» 


• 0.25CaO) 


84 


Ir 


(0.6). Ce(4) 


13 


S.L/0.5Na»0 


• 0.5H,O(0.2Fe,O. 


• 0.8Al,0, 


• 0.25MgO) 


85 


Ir 


(0.6). Ce(4) 


14 


S.L/0.5NaxO 


• 0.5H»O(0.2FetO, 


• 0.8A1.0, 


• 0.25SrO) 


86 


Ir 


(0.6). Ce(4) 


15 


S.L/0.5Na,0 


• 0.5Ht0(0.2Fe«Os 


• 0.8Al-i0a 


• 0.25DoO) 


87 


Ir 


(0.6). Ce(4) 


16 


0.5Na,0 


• 0.5HiO(0.2Fe,0, 


• 0.8Ali0 3 


• 0.25Ca0) 
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Table D (continued) 
Honey- Supported ,l * Crystal 1 ine Si 1 icate 



comb 


Cat- 


Amount 


of 












alyst 




Activator 


No. 




Composition " 






No. 




(wt _%) 












88 


Ir 


(0.6), 


Ce(4) 


- 

17 


0.5NaiO- 


0.5Hi0(0.2Coi0j • 


0.8Al 2 Oa • 


0.25CaO) 


89 


Ir 


(0.6). 


Ce(4) 


18 


0.4Na,0- 


0.5H 2 0(0.2Ru 2 0» • 


O.8AUO3 


0.25CaO) 


90 


Ir 


(0.6). 


Ce(4) 


19 


0.5Nai0- 


0.4HtO(0.2RhiO> • 


0. 8AltO> 


0.25CoO) 


91 


Ir 


(0.6). 


Ce(4) 


20 


0.5Nai0- 


0.5HiO(0.2LatO> • 


Q.8Al 2 0a 


0.25CaO) 


92 


Ir 


(0.6). 


Ce<4) 


21 


0.6Na*0- 


0.4H 2 0(0.2Ce 2 0, • 


0.8AhO 3 


0.25CaO) 


93 


Ir 


(0.6). 


Ce(4) 


22 


0.5Nai0- 


0.6Hi0(0.2Tij0j • 


O.8AUO1 


0.25CaO) 


94 


Ir 


(0.6). 


Ce(4) 


23 


0.4Na,0- 


0.6Hi0(0.2V x 0a • 


O.8AUO1 - 


0.25CaO) 


95 


Ir 


(0.6). 


Ce(4) 


24 


O.SNaiO- 


0.6HiO(0.2Cr 2 Oj • 


0.8Al 2 Oa 


0.25CaO) 


96 


Ir 


(0.6). 


Ce(4) 


25 


0.6NaiO- 


0.4H 2 0(0.2Sb 2 0, • 


0.8Ai 2 O 3 


• 0.25CaO) 


97 


Ir 


(0.6). 


Ce(4) 


26 


0.6NaaO- 


0.5HiO(0.2GaiOi • 


0.8AlaO 3 


• 0.25CaO) 


98 


Ir 


(0.6). 


Ce(4) 


27 


O.SNaiO- 


0.5H 2 0(0.2Nb 2 Oj • 


0.8Ai 2 O 3 


■ 0. 25CaO) 


99 


Ir 


(0.6). 


Ce(4) 


28 


0.5Na 2 0- 


0.5H 2 0(0.2Fe 2 0 3 • 


0. 8AI2O3 


• 0.25MgO) 


100 


Ir 


(0.6). 


Ce(4) 


29 


0.5Na 2 0- 


0.5HiO(0.2FeiOj • 


0.8Al 2 Oa 


• 0.25SrO) 


101 


Ir 


(0.6), 


Ce(4) 


30 


0.5Na a O- 


0.5HtO(0.2Fe*0> ■ 


0.8At 2 0 3 


• 0.25BaO) 


102 


Ir 


(0.6). 


Ce(4) 


( 1 ) ** 


O.SNaaO- 


0.5H 2 0(0.2Fe 2 0> • 


0.8Ali0 3 


• 0.25CaO) 


103 


Ir (0.6). Ce(4) (2) 


0.5Na 2 0- 


0.5HiO(0.2CoiO* • 


0. 8AU0 3 


• 0.25CaO) 


104 


Ir 


(0.6). 


Ce(4) 


(3) 


0.4Na 2 0' 


0.5H 2 0(0.2Ru 2 0> • 


0. 8AWO3 


• 0.25CaO) 


105 


Ir 


(0.6). 


Ce(4) 


(4) 


0.5Na,0« 


0.4HiO(0.2Rh 2 Oi 


• 0.8AU0: 


• 0.25CnO) 


106 


Ir 


(0.6). 


Ce(4) 


(5) 


0.5Na 2 0< 


0.6H:0(0.2La,0, 


O.8AI1O1 


• 0.25CaO) 


107 


Ir 


(0.6). 


Ce(4) 


(6) 


0.6NaiO 


0.4HiO(0.2Cei0 3 


0.8Al 2 Oa 


• 0.25CaO) 


108 


lr 


(0.6), 


Ce(4) 


(7) 


0.5Na,0 


0.6B 2 0(0.2Ti 2 0, 


• 0.8AliO 3 


• 0.25CaO) 


109 


Ir 


(0.6). 


Ce(4) 


(8) 


0.4NaiO 


• 0.6H 2 0(0.2V 2 0a • 


0.8AlaOi • 


0.25CaO) 


110 


Ir 


(0.6). 


Ce(4) 


(9) 


0.5Na,0 


• 0.6H 2 0(0.2Cr 2 O, 


• 0.8Ala'Oa 


• 0.25CaO) 


m 


Ir 


(0.6), 


Ce(4) 


(10) 


0.6Na 2 0 


• 0.4H 2 0(0.2Sb 2 O s 


• 0.8AliOa 


• 0.25CaO) 
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Table D (continued) 
Honey- Supported •" Crystalline Silicate 

5 

comb Cat- Amount of 

alyst Activator No, Composition 



No. (wt X) 
w 3 L 





112 


Ir 


(0.6). 


Ce(4) 


(11) 


0.6Na,O- 


0.5H,0(0.2Ga20, 


• O.8AUO3 • 


0.25CaO) 




113 


Ir 


(0.6), 


Ce(4) 


(12) 


0.5Na*O- 


0.5H 2 O(0.2Nb,O 3 


• O.8AUO3 • 


0.25CaO) 


15 


114 


Ir 


(0.6), 


Ce(4) 


(13) 


0.5Na,O- 


0.5H,O(0.2FeiO, 


• 0.8AUOj 


• 0.25MgO) 




115 


Ir 


(0.6), 


Ce(4) 


(14) 


0.5Na 2 O- 


0.5H,0(0.2Fe 2 Oi 


• O.8AI2O3 • 


0.25SrO) 




116 


Ir 


(0.6). 


Ce(4) 


(15) 


0.5Na,O- 


0.5HiO(0.2Fe 2 O 3 


• 0.8A1 2 0 3 • 


0.25BaO) 


20 


117 


Ir 


(0.6), 


La(4) 




S.L/0.5Na,O- 


0.5H,O(0.2Fe l O J 


• O.8AI1O3 • 


0.25CaO) 




118 


Ir 


(0.6). 


Pr(4) 






-do- 








119 


Ir 


(0.6), 


Nd(4) 






-do- 






25 


120 


Ir 


(0.6), 


Sm(4) 






-do- 








121 


Ir 


(0.6), 


Eu(4) 






-do- 








122 


Ir 


(0.6) 








a -AhOs 






30 


123 


Ir 


(0.6). 


Ce(4) 






-do- 







Note: *1) same as in Table B 

*2) same as in Table B 

35 

same as in Table B 



40 (Experimental Example 3) 

A test for estimating the activity of Honeycomb Catalysts 72 to 123, prepared in Examples 7, 8, 9. 10 
and 1 1. and Comparative Example 2 was carried out under the following activity estimation conditions: 

45 Gas Composition 

NO: 400 ppm; CO: 1000 ppm; C2H4: 1000 ppm; C3H*: 340 ppm; 
0 2 : 8 %; CO2: 10 %; H 2 0: 10 %; N 2 : balance 
GHSV: 30000 h " ; 

50 

Shape of Catalyst 

15 mm x 15 mm x 60 mm (144 cells) 

The denitrification efficiency of the catalysts at the initial state of reaction temperatures of 350 * C and 
55 450 * C is shown in Table E. 
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(Experimental Example 4) 

Honeycomb Catalysts 72 to 123 were subjected to an accelerated deterioration test in the rich 
atmosphere (reducing atmosphere) under the following accelerated deterioration conditions: 

5 

Gas Composition 

H 2 : 3 %; H 2 0: 10 %: N 2 : balance 

GHSV: 5000 h -1 ; Temperature: 700 *C ; Gas Feeding Time: 6 hours 

10 

Shape of Catalyst 

15 mm x 15 mm x 60 mm (144 cells) 

The Catalysts 72 to 123 treated under the above described accelerated deterioration conditions were 
f5 then subjected to the test for estimating the activity. The denitrification efficiency of the catalysts after the 
accelerated deterioration test at reaction temperatures of 350 * C and 450 * C is also shown in Table E. 
Thus, it is confirmed as shown in Table E that the catalysts 72 to 121 of the present invention are capable 
of maintaining higher the catalytic activity even in high temperature reducing atmospheres. 

20 



25 



30 



35 



40 



45 



50 



55 
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Honeycomb 

Catalyst 

No. 



72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 



Supported 
Amount of 
Activator 
(wt X) 



Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


lr 


(0.6). 


Ce 


(4) 


Ir 


(0.6), 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 


Ir 


(0.6). 


Ce 


(4) 



Table E 
NO . Conversion 
Efficiency (X) 
(Initial State) 



350 X 


450 -C 


61 


36 


63 


38 


64 


39 


64 


36 


42 


41 


62 


38 


63 


36 


61 


38 


62 


36 


62 


38 


62 


37 


58 


39 


61 


40 


61 


40 


63 


39 


61 


37 


60 


38 


60 


37. 


61 


40 


62 


38 


63 


36 


61 


38 


60 


36 



NO . Conversion 
Efficiency (X) 
(After Accelerated 



Deterioration) 



350 r 


450 r 


56 


34 


58 


34 


60 


33 


60 


35 


58 


33 


58 


34 


60 


35 


60 


33 


62 


37 


58 


33 


56 


33 


55 


32 


53 


33 


54 


34 


54 


36 


60 


32 


58 


36 


60 


37 


58 


38 


60 


35 


58 


34 


58 


36 


55 


38 
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Honeycomb 

Catalyst 

No. 



Supported 
Amount of 
Activator 
(wt %) 



Table £ (continued) 
NO . Conversion 
Efficiency (%) 
(Initial State) 



NO . Conversion 
Efficiency (%) 
(After Accelerated 
Deterioration) 















JoU \* 


40U u 


JOU L 


A Cfl Y» 

40U Lr 


95 


Ir 


(0. 


6), 


ce 


t A \ 

(4) 


61 


J I 


66 


OC 

Jo 


96 


Ir 


(0.6). 


Ce 


(4) 


66 


Oil 

J4 


64 


o o 
32 


97 


Ir 


(0. 


6), 


Ce 


(4) 


66 


oc 
00 


C 1 

61 


o o 
32 


98 


Ir 


(0.6), 


ce 


/ A \ 

(4) 


bo 


07 


C 1 

bl 


O 1 

J 1 


C\(\ 

99 


i •» 

1 V 


(0. 


6). 


te 


t A \ 


cc 
DO 


04 
04 


CC 


O 1 

J l 


100 


l r 


(0.6). 


ue 


t A \ 

\ 4 ) 


CC 
DO 


OC 


cc 
00 


O 1 

J 1 


101 


I r 


(0. 


6), 


ce 


/ A \ 

(4 ) 


CO 

00 


OC 

Jo 


cc 
00 


00 

JJ 


102 


l r 


(0. 


6). 


te 


t A \ 

(4) 


a n 
4U 


Ofl 

Jo 


OQ 

jy 


07 
J ( 


103 


I r 


(0. 


6). 


Ce 


(4 ) 


A 1 

4 1 


OQ 

jy 


jy 


OQ 

Jo 


104 


1 r 


(0. 


6), 


ce 


(4 ) 


a n 
4U 


Af\ 

4U 


in 
4U 


a n 


1 Uo 


T r 

1 r 


(0. 


6). 


^e 


I A \ 

\ 4 J 


i 1 


17 


40 


17 


i nc 
lUb 


T r 

1 r 


(0. 


6), 


ue 


/ A \ 
\ 4 ) 


1Q 
J»J 


17 


1ft 

oo 


17 




r r 

i r 


(0. 


6). 


ue 


t A \ 
14 1 


1Q 

jy 


49 


4n 


4 1 


108 


Ir 


(0. 


6). 


Ce 


(4) 


38 


37 


37 


36 


109 


Ir 


(0.6). 


Ce 


<4) 


39 


38 


38 


38 


110 


Ir 


(0 


6), 


Ce 


(4) 


38 


37 


38 


37 


111 


Ir 


(0 


6). 


Ce 


(4) 


39 


37 


40 


37 


1 12 


Ir 


(0 


6). 


Ce 


(4) 


39 


38 


39 


39 


113 


Ir 


(0 


6). 


Ce 


(4) 


41 


38 


40 


37 


114 


Ir 


(0 


6). 


Ce 


(4) 


41 


40 


39 


38 


115 


Ir 


(0 


.6). 


Ce 


(4) 


40 


39 


38 


38 


116 


Ir 


(0 


.6). 


Ce 


(4) 


38 


38 


38 


39 


117 


Ir 


(0 


.6). 


Lo 


(4) 


58 


30 


60 


30 
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w 



15 



20 



25 



Honeycomb 

Catalyst 

No. 



Supported 
Amount of 
Activator 
(wt %) 



Table E (continued) 
NO . Conversion 
Efficiency (X) 
(Initial State) 



NO . Conversion 
Efficiency (%) 
(After Accelerated 
Deterioration) 













350 "C 


450 r 


350 *C 


450 "C 


118 


Ir 


(0.6). 


Pr 


(4) 


60 


26 


60 


32 


119 


Ir 


(0.6), 


Nd 


(4) 


62 


20 


62 


20 


120 


Ir 


(0.6). 


Sra 


(4) 


60 


20 


62 


20 


121 


Ir 


(0.6). 


Eu 


(4) 


61 


21 


62 


33 


Comparison 


















122 


Ir 


(0.6) 






20 


20 


10 


8 


123 


Ir 


(0.6). 


Ce 


(4) 


18 


18 


8 


8 



30 



35 



40 



45 



50 



55 



Utility and Possibility in Industry 

As illustrated above, the catalyst for purifying an exhaust gas according to the present invention is a 
stable catalyst excellent in durability, which can be used as a catalyst for purifying an exhaust gas of a lean 
burn engine of a gasoline car or a diesei engine. 

Claims 

1. A catalyst for purifying an exhaust gas, comprising a crystalline silicate having an X-ray diffraction 
pattern represented by Table A and a chemical composition represented by the following chemical 
formula in the term of mole ratios of oxides under dehydrated state, 

(1 ± 0.8)R 2 O • [aM 2 0 3 • blvVO • cAI 2 0 3 ] • ySiOs 

in which R is at least one of alkali metal ions and hydrogen ion, M is at least one elementary ion 
selected from the group consisting of Group VIII elements of Periodic Table, rare earth elements, 
titanium, vanadium, chromium, niobium, antimony and gallium, M* is an alkaline earth metal ion 
selected from magnesium, calcium, strontium and barium ions, a>0, 20>b£0,a + c = 1 and 3000 

> y >11, on which at least one metal selected from platinum group metals is supported. 

2. A catalyst for purifying an exhaust gas, comprising a crystalline silicate having an X-ray diffraction 
pattern represented by Table A and a chemical composition represented by the following chemical 
formula in the term of mole ratios of oxides under dehydrated state, 

(1 t 0.8)R 2 O * [aM 2 0 3 • blvl'O • cAI 2 0 3 ] • ySi0 2 

in which R is at least one of alkali metal ions and hydrogen ion, M is at least one elementary ion 
selected from the group consisting of Group VIII elements of Periodic Table, rare earth elements, 
titanium, vanadium, chromium, niobium, antimony and gallium. M' is an alkaline earth metal ion 
selected from magnesium, calcium, strontium and barium ions. a>0. 20 > b £ 0, a + c = 1 and 3000 

> y > 1 1 . on which at least one metal selected from platinum group metats and further at least one 
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metal selected from rare earth elements are allowed to be coexistent. 

The catalyst for purifying an exhaust gas, as claimed in Claim 1 or 2, wherein the crystalline silicate is 
a laminar composite crystalline silicate consisting of a previously synthesized crystalline silicate as a 
matrix crystal, on the outer surface of which a crystalline silicate consisting of Si and 0 and having the 
same crystalline structure as the matrix crystal are grown. 

The catalyst for purifying an exhaust gas, as claimed in any one of Claims 1 to 3. wherein the platinum 
group metal is iridium. 

The catalyst for purifying an exhaust gas, as claimed in any one of Claims 1 to 4. wherein at leat one 
metal selected from the group consisting of titanium, zirconium, chromium, manganese, iron, cobalt, 
zinc, aluminum, tin. nickel, copper, calcium, magnesium, strontium and barium is allowed to be 
coexistent with iridium on the crystalline silicate. 

A process for the production of a catalyst for purifying an exhaust gas, which comprises immersing a 
crystalline silicate having an X-ray diffraction pattern represented by Table A and a chemical composi- 
tion represented by the following chemical formula in the term of mole ratios of oxides under 
dehydrated state. 

(1 t 0.8)R 2 O • [aM 2 0 3 • bM'O • cAI 2 0 3 ] • ySi0 2 

in which R is at least one of alkali metal ions and hydrogen ion, M is at least one elementary ion 
selected from the group consisting of Group VIII elements of Periodic Table, rare earth elements, 
titanium, vanadium, chromium, niobium, antimony and gallium, M* is an alkaline earth metal ion 
selected from magnesium, calcium, strontium and barium ions, a > 0. 20 > b 2 0, a + c = 1 and 3000 
> y > 1 1 , in an aqueous solution of a salt of (I) at least one metal selected from platinum group metals 
or (II) at least one metal selected from platinum group metals and further at least one metal selected 
from rare earth elements and supporting the metal(s) on the silicate by an ion exchange method or 
impregnation method. 
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